Dopamine facilitates long-term depression of glutamatergic transmission in rat prefrontal cortex.
Using sharp-electrode intracellular recordings, we studied the dopaminergic facilitation of synaptic plasticity in layer I-II afferents--layer V neuron glutamatergic synapses in rat prefrontal cortex in vitro. Tetanic stimulation (100 pulses at 50 Hz, four times at 0.1 Hz) to layer I-II afferents induced N-methyl-D-aspartate receptor-independent long-term depression (>40 min) of the glutamatergic synapses when the stimulation was coupled with a bath-application of dopamine. Tetanic stimulation alone did not induce lasting synaptic changes. Dopamine application alone transiently depressed synaptic responses, which fully recovered within 30 min. Pharmacological analyses with antagonists suggested that dopamine action on either D1-like or D2-like receptors can facilitate the induction of long-term depression. However, results with agonists were not fully consistent with the antagonist results: while a D2 agonist mimicked the facilitatory dopamine effect, D1 agonists failed to mimic the effect. We also analysed the synaptic responses during tetanus and found that dopamine prolongs membrane depolarization during high-frequency inputs. Postsynaptic membrane depolarization is indeed critical for long-term depression induction in the presence of dopamine, since postsynaptic hyperpolarization during tetanus blocked the dopaminergic facilitation of long-term depression induction. Postsynaptic injection of the Ca2+ chelator bis-(o-aminophenoxy)-N,N,N',N'-tetra-acetic acid (100 mM in the electrode) also blocked long-term depression induction. Our results show that dopamine lowers the threshold for long-term depression induction in rat prefrontal glutamatergic transmission. A possible underlying mechanism of this dopaminergic facilitation is the enhancement of postsynaptic depolarization during tetanus by dopamine, which may increase the amount of Ca2+ entry from voltage-gated channels to the level sufficient for plasticity induction.